In the general population, sleeping problems can precede an episode of depression. We hypothesized that sleeping problems during pregnancy, including insomnia symptoms, shortened sleep, and daytime tiredness, are related to maternal postnatal depressiveness. We conducted a prospective study evaluating sleep and depressive symptoms, both prenatally (around gestational week 32) and postnatally (around 3 months after delivery) in the longitudinal CHILD-SLEEP birth cohort in Finland. Prenatally, 1667 women returned the questionnaire, of which 1398 women participated also at the postnatal follow-up. Sleep was measured with the Basic Nordic Sleep Questionnaire (BNSQ) and depressive symptoms with a 10-item version of the Center for Epidemiological Studies Depression Scale (CES-D). Altogether, 10.3% of the women had postnatal depressiveness (CES-D ≥ 10 points). After adjusting for main background characteristics and prenatal depressiveness (CES-D ≥ 10), poor general sleep quality (AOR 1.87, 95% CI 1.21-2.88), tiredness during the day (AOR 2.19, 95% CI 1.41-3.38), short sleep ≤ 6 and ≤ 7 h, sleep latency > 20 min, and sleep loss ≥ 2 h were associated with postnatal depressiveness (all p < .050). Postnatally, after the adjustment for background characteristics, virtually all sleeping problems (i.e., difficulty falling asleep (AOR 7.93, 95% CI 4.76-13.20)), except frequent night awakenings per week or severe sleepiness during the day, were related to concurrent postnatal depressiveness. Thus, several prenatal and postnatal sleeping problems are associated with increased depressive symptoms 3 months postnatally. Screening of maternal prenatal sleeping problems, even without depressive symptoms during pregnancy or lifetime, would help to identify women at an increased risk for postnatal depressiveness.
Introduction
Postnatal mood symptoms, especially postpartum depression (PPD), affect both the mother and the baby with potentially long-lasting consequences (Mayberry et al. 2007 ; Moehler et al. 2006) . Over 80% of women experience some fluctuations in mood, either in the prenatal period or postnatally, while a considerable proportion of them meet the DSM-IV criteria for major depressive disorder (Steiner 1998) . Prevalence estimates on PPD differ to some extent; from 10-15% (MosesKolko and Roth 2004) to 13-19% (O'Hara and McCabe 2013) .
Women's sleep changes significantly during pregnancy and after delivery (Hedman et al. 2002; Santiago et al. 2001; Parry et al. 2006; Pengo et al. 2018) . Physical symptoms and discomfort may cause sleep reduction and fragmentation during pregnancy (Kamysheva et al. 2008; Lee 1998) , whereas infants' night wakings are related to sleep disruption in mothers after delivery (Mindell et al. 2015) . In the study of Dorheim et al. (2014) , sleep duration and mean sleep efficiency reduced after delivery, while reported prevalence of insomnia and self-reported insomnia scores decreased. Coo et al. (2014) used both objective and subjective measures of sleep during late pregnancy and postnatal period and reported sleep fragmentation during late pregnancy; within the first 15 days after childbirth, women had a twofold increase in sleep fragmentation, as well as reduction of sleep duration and efficiency.
Sleeping problems can negatively affect the mood (Baglioni et al. 2010) . Previous longitudinal studies have shown that insomnia symptoms in adults can precede an episode of depression (Baglioni et al. 2011; Ford and Kamerow 1989; Perlis et al. 1997) . In these lines, prenatal sleeping problems may also increase the risk for PPD (Lawson et al. 2015) . For example, Skouteris et al. (2008) reported that poor sleep quality in early-stage pregnancy predicted higher levels of depression later in pregnancy. Moreover, Marques et al. (2011) found that perceived insomnia symptoms during late pregnancy were related to postnatal depressive symptomology. Interestingly, when Marques et al. (2011) controlled for negative affect, positive affect, and lifetime depression, insomnia lost its predictive role. However, all these studies were based on relatively small samples. In the study by Dorheim et al. (2014) , with a larger sample of pregnant women (n = 2088), prenatal insomnia was associated with postnatal depression only in women with a history of depression.
Although, accordingly, poor perinatal sleep seems to have an impact on maternal mood (Lawson et al. 2015) , the role of various prenatal sleeping problems in the development of postnatal depressive symptoms remains unclear. The few existing studies are mostly cross-sectional, based on small samples, and do not adequately report or adjust for previous depression (Bei et al. 2010; Park et al. 2013; Tikotzky 2016; Tomfohr et al. 2015) . In addition, the findings are partly conflicting; for example, Coo Calcagni et al. (2012) found no relationship between subjective assessments of sleep in pregnancy and PPD symptomatology, and Krawczak et al. (2016) (n = 83) found that changes in biological rhythms across the perinatal period, rather than sleep quality, predicted worsening of postnatal depressive symptoms, both in women with or without previous mood disorders.
We conducted a prospective study evaluating the associations between prenatal and postnatal sleeping problems and postnatal depressive symptoms, as well as changes in sleep across late pregnancy to postpartum. We hypothesized that both prenatal and postnatal sleeping problems, such as various insomnia symptoms, short sleep, sleep loss, and daytime tiredness, are associated with postnatal depressive symptoms. The analyses were controlled by relevant confounding factors as well as prenatal depressive symptoms or lifetime depression.
Methods
This study was a part of a larger population-based, prospectively collected birth cohort CHILD-SLEEP study. The study setting, population, and recruitment procedure are described in detail elsewhere (Paavonen et al. 2017) . Women were given the first questionnaire approximately at gestation week (gwk) 32, and the questionnaires were completed and returned approximately at gwk 34 ± 2.5 (prenatal time point). Altogether, 1667 women (74.3% of the informed women) returned the prenatal questionnaires. A small part of the women (1.2%, n = 21) filled in the questionnaire after delivery, and because the purpose of the study was to assess sleeping problems during pregnancy, their responses were excluded, leaving 1646 prenatal questionnaires to be analyzed.
Three months after delivery, a second set of questionnaires was sent to all women. The mean time for completing the questionnaires after delivery was 98.9 days (SD 14.8, . In the case where the questionnaires were not returned in 2 weeks, a maximum of three reminders were sent every 2 weeks. The first reminder was a text message, the second an e-mail, and the third a phone call. At the postnatal time point, 1421 women (63.3% of the informed women) returned the questionnaires. Five of these women returned only the postnatal questionnaire, but not the prenatal one, and their responses were excluded. Thus, altogether, 1398 women with responses to the two questionnaires (prenatal and the postnatal) were included in this study. The characteristics of the participating women are described in Table 1 . When comparing the sociodemographic data in our sample to that reported by the Finnish Perinatal registry and Official Statistics of Finland, the women in our study population were more highly educated (Rusanen et al. 2018 ) and smoked less than average Finnish pregnant women (Official Statistics of Finland 2018).
Questionnaires
The prenatal questionnaires included questions of age, education, monthly income, number of children living permanently in the same household, smoking, general health, psychiatric diseases, and, as a separate question, past depression diagnosed by a physician (never vs. earlier vs. current (gwk 32)). Depressiveness: Depressiveness was measured both prenatally and postnatally, using the 10-item version of the Center for Epidemiological Studies Depression Scale, CES-D (Irwin et al. 1999; Radloff 1977) , with four response categories for each item. In the case where a woman had answered less than seven items, her response was excluded; otherwise, the missing values were replaced by the individual mean. The items were summarized; a higher score indicated higher depressiveness (scale range 0-30 points). A CES-D sum score of 10 points was used throughout the study as a cutoff point for increased depressive symptoms (Grzywacz et al. 2006; Kohout et al. 1993) . In post hoc analyses, where postnatal depression and sleeping problems were analyzed, the CES-D sum score was considered as a continuous variable.
Sleep: The Basic Nordic Sleep questionnaire (BNSQ) (Partinen and Gislason 1995) was used to evaluate the existence of sleeping problems, both prenatally and postnatally. BNSQ insomnia variables include questions of difficulties falling asleep, night awakenings per week, average number of night awakenings per night, early morning awakenings, and poor general sleep quality. In our study, the questions were dichotomized to represent clinically significant problems (≤ 1-2 times per week vs. ≥ 3 times per week; frequency of nocturnal awakenings ≤ 2 times per night vs. ≥ 3 times per night; general sleep quality: good, quite good, intermediate [neither good nor poor] vs. quite poor or poor). Sleep latency (minutes), sleep duration (hours, minutes), and sleep need (hours and minutes) were assessed in an open form. Napping was measured by asking how often women took naps prenatally and postnatally scoring from 1 (never or less than once a month) to 5 (daily or almost daily); also, the duration of naps was assessed (open form, hours, minutes). Sleep latency was asked separately for work days and leisure days and was averaged for the analyses. The average sleep latency was dichotomized at ≤ 20 vs. > 20 min to indicate normal vs. prolonged time to fall asleep. Sleep duration was dichotomized to > 6 vs. ≤ 6 h and > 7 vs. ≤ 7 h to represent normal vs. short sleep. Sleep loss was estimated as the difference between sleep need and average sleep duration, and when it exceeded 2 h, it was considered as clinically significant. Because of the relatively low percentage of women who took naps daily or almost daily, we used the reported sleep time without adding the naps into this figure. The BNSQ insomnia sum score was a sum of the dichotomized five items of insomnia (no sleeping problem vs. problem). A cutoff point of 4 was used to indicate severe insomnia symptoms (at least four different kinds of sleeping problems at least three times per week).
The Epworth Sleepiness Scale (ESS) (Johns 1991 ) was used to measure daytime sleepiness, both prenatally and postnatally. The scale consists of eight questions rated on a 4-point Likert scale (range 0-24 points). The cutoff value of 11 points was used to indicate excessive daytime sleepiness. The level of tiredness, both prenatally and postnatally, was assessed by the question BDo you consider yourself more tired than other people of your age during the daytime?^. Responses were dichotomized (Byes, almost always^and Byes, often^vs. Bno^and Bdo not know^).
Statistical analyses
Mean scores and standard deviations (SD) of the measures of interest (CES-D, sleep latency, sleep duration, sleep need, various insomnia symptoms, total BNSQ sum score, ESS sum score) were compared in women with and without postnatal depressiveness. Pairwise comparisons were conducted using the chi-square test for independence (with Yates' continuity correction) or t tests for independent samples, depending on the type of variable. If the expected count was less than 5, the Likelihood ratio test was used. A T test for related samples, or McNemar's test, was used to evaluate change between the two time points. Cohen's d (continuous variables) or Cramer's V (dichotomized variables) were used as a measure of effect size. Finally, multivariate logistic regression models were constructed to study whether various sleeping problems, prenatally or postnatally, were associated with increased depressive symptoms postnatally when relevant background factors were taken into account. As background characteristics, we included the women's ages (years), educational level (elementary school vs. vocational school vs. university), smoking during pregnancy (no vs. yes), general health (healthy vs. at least one illness or disability), and number of children living in the family during the pregnancy (0 vs. 1 vs. ≥ 2). Prenatally, we controlled for depression in different ways. First, models were controlled for depressiveness during pregnancy (prenatal CESD score ≥ 10) and secondly for lifetime depression. Postnatally, sleeping problems were adjusted for background characteristics. The sleeping problems studied in the statistical models comprised the following variables: difficulties falling asleep (≥ 3 times per week), long sleep latency (> 20 min), frequency of night awakenings (≥ 3 times per week), number of awakenings per night (≥ 3), early morning awakenings (≥ 3 times per week), general sleep quality (quite poor or poor), severe insomnia symptoms (BNSQ sum score ≥ 4), short sleep (≤ 6 and ≤ 7 h), sleep loss (≥ 2 h), daytime sleepiness (ESS sum score ≥ 11), and tiredness during the day (more tired than others) as the main explanatory variables. Each of the explanatory factors was entered into the models separately. All explanatory factors were assessed both prenatally and postnatally (relative to risk for postnatal depressiveness). The main analyses were repeated using t test and linear regression with CES-D scores without the sleep item (Bmy sleep was restless^). The data was analyzed using IBM SPSS Statistics 24. A two-tailed alpha level of 0.05 was used for analyses.
Results
Sample characteristics are presented for all women, as well as separately for women with and without postnatal depressiveness in Table 1 . Women with lower education (χ 2 (2, n = 1361) = 11.25, p = .004), a lower monthly income (χ 2 (2, n = 1363) = 17.56, p < .001), who smoked during pregnancy (χ 2 (1, n = 1387) = 5.58, p = .018), or had at least one disability/illness (χ 2 (1, n = 1382) =12.49, p < .001) had more postnatal depressiveness. Other sociodemographic factors were not related to postnatal depressiveness.
The mean CES-D score decreased slightly from a prenatal value of 5.0 (SD 3.5) to a postnatal value of 4.6 (SD 3.8) (p < .001). Elevated depressiveness scores (≥ 10) were found prenatally in 10.4% (n = 145) of the women and postnatally in 10.3% (n = 143) of women. Most of the women (84.3%, n = 1171) were not depressive at either time point. However, 5.4% (n = 75) of the women were depressive only prenatally, 5.3% (n = 74) only postnatally, and 5.0% (n = 69) at both time points. Thus, the occurrence of depressiveness remained approximately the same although the depressiveness status altered in half of the depressive women.
The changes in sleeping problems are described in Table 2 . All insomnia symptoms, sleep duration (from about 8.1 to 7.5 h), and sleep need decreased, while short sleep ≤ 6 and ≤ 7 h, sleep loss, sleep loss ≥ 2 h, number of frequent awakenings per night, and tiredness during the day increased. Prenatally 9.1% (n = 127) and postnatally 3.3% (n = 45) women reported taking naps daily or almost daily. Prenatally, the mean duration of naps was 1.3 h (range 0.3-4.5 h, SD 0.7 h) and postnatally 1.2 h (range 0.5-2.3 h, SD 0.5 h).
All of the studied, prenatally reported sleeping problems, except frequent night awakenings (≥ 3/week) and severe sleepiness during the day, were related to postnatal depressiveness (Table 3 ; Fig. 1 ). After adjusting for the background characteristics (please see BStatistical analyses^section), difficulty falling asleep, sleep latency > 20 min, frequent awakenings per night, early morning awakenings, poor general sleep quality, BNSQ insomnia score ≥ 4, short sleep ≤ 6 and ≤ 7 h, sleep loss ≥ 2 h, and tiredness during the day were all associated with postnatal depressiveness (all p < .05) (Table 3) . When the models were adjusted for background characteristics and prenatal depressive symptoms (prenatal CES-D ≥ 10), sleep latency > 20 min, poor general sleep quality, short sleep ≤ 6 and ≤ 7 h, sleep loss ≥ 2 h, and tiredness during the day were still associated with postnatal depressiveness (Table 3) .
Finally, when earlier lifetime depression and background characteristics were adjusted for, all the same prenatal sleeping problems were still associated with postnatal depressiveness (all p < .05) except frequent awakenings per night (p = .239) and early morning awakenings (p = .052), when compared to models adjusted for background characteristics (Table 3, AOR) .
As seen in Fig. 2 and Table 4 , postnatal sleeping problems were also related to postnatal depressive symptoms. After adjusting for the background characteristics in logistic regression models, difficulties falling asleep, sleep latency > 20 min, night awakenings ≥ 3 per night, early morning awakenings, poor general sleep quality, BNSQ insomnia score ≥ 4, short sleep ≤ 6 and ≤ 7 h, sleep loss ≥ 2 h, and tiredness during the day (all p < .001) were related to postnatal depressiveness (Table 4 ). Night awakenings ≥ 3 times per week (p = .078) or severe sleepiness (ESS score ≥ 11) (p = .123) were not related to postnatal depressiveness. Postnatal difficulty falling asleep had the strongest association with ongoing depressive symptoms (AOR 7.93, 95% CI 4.76-13.20, p < .001).
Because the 10-item version of CES-D contains an item about sleep (Bmy sleep was restless^), we repeated the main analyses with t test and linear regression using CES-D scores without the insomnia item. However, the main results remained the same.
Discussion
We found that both prenatal and postnatal sleeping problems are crucial for the occurrence of postnatal depressiveness. After adjusting for prenatal depressive symptoms, prenatal long sleep latency, poor general sleep quality, short sleep (≤ 6 and ≤ 7 h), sleep loss ≥ 2 h, and tiredness during the day were related to postnatal depressiveness. Furthermore, virtually all kinds of sleeping problems (except night awakenings ≥ 3 times per week and severe sleepiness during the day) postnatally were associated with postnatal depressiveness. Of the associative postnatal sleeping problems, difficulty falling asleep showed the strongest association. Thus, screening the existence of sleeping problems may help to identify women at risk for developing or worsening PPD. On the basis of our findings, screening should comprise at least four sleep items: sleep latency > 20 min, poor general sleep quality, short sleep ≤ 7 h, and tiredness during the day.
The main aim of our study was to investigate the relationship between prenatal sleeping problems and postnatal depressiveness. According to our hypothesis, we found a clear association with prenatal sleeping problems and increased depressiveness postpartum even after adjustment for prenatal depressiveness. This is in accordance with previous studies (summarized in Okun 2016) showing constant association of poor sleep with recurrent PPD episodes (for example, Bei et al. 2010; Dorheim et al. 2014; Tomfohr et al. 2015; Wolfson et al. 2003) . For example, Goyal et al. (2007) found that selfreported sleeping problems in the third trimester were (569) 39.7% (487) 59.4% (82 associated with depression symptoms 3 months postpartum.
In contrast to our findings (where prenatally difficulty falling asleep lost its significance after adjusting for prenatal depressive symptoms), they recommended the use of complaint of falling asleep as the most relevant factor predicting PPD. However, their sample size was relatively small (n = 124) and the level of daytime tiredness was not measured. In our sample, the complaint of falling asleep showed the strongest association with postnatal depressive symptoms when occurring postnatally. Although many of the previous studies have reported similar findings to ours, a few contrasting studies also exist. Dorheim et al. (2014) concluded that severity of insomnia (total score) during pregnancy, but not sleep duration or sleep efficiency, was associated with postnatal depression. However, when they adjusted their results for previous depression, prenatal insomnia lost the significance to predict depression. We found that previous depression was a risk factor for postnatal depressiveness, but contrary to the Dorheim et al.
findings, also most of the prenatal sleeping problems remained significant risk factors for postnatal depressiveness after adjustment for earlier lifetime depression. While Dorheim et al. concluded their statement based on the insomnia summary score, it is worth noting that in our study the prenatal insomnia summary score lost its association with postnatal depressiveness after adjustment for prenatal depressiveness. This may indicate that not all aspects of insomnia symptoms induce depressiveness.
In a review by Lawson et al. (2015) , 17 out of 20 studies found an association between subjectively reported sleep disruption in postpartum and the development of depressive symptoms in postpartum/PPD diagnosis. Interestingly, Posmontier (2008) reported that among women with PPD, worsening sleep quality in postpartum (measured by actigraphy) predicted the severity of PPD symptoms. In our study, we also evaluated the link between sleep and depressiveness postnatally. We found that sleep onset problems had the strongest association with postnatal Fig. 1 Prenatal sleeping problems vs. postnatal CES-D mean score with mean standard error bars. Independent t test between yes/no groups, **p < .001, *p < .05 Fig. 2 Postnatal sleeping problems vs. postnatal CES-D mean score with mean standard error bars. Independent t test between yes/no groups, **p < .001, *p < .05 depressiveness, although practically all studied sleeping problems, except frequent weekly night awakenings and severe daytime sleepiness, were associated with concurrent depressiveness.
Strengths and limitations
Our study was based on a representative sample of women recruited during pregnancy and followed up after childbirth. In addition, our sample size was large, and the occurrence of postnatal depressiveness fell well within the previously described values (Chaudron et al. 2001; Gotlib et al. 1989; Yonkers et al. 2001) . Furthermore, we utilized validated and widely used questionnaires to assess depressiveness, sleep, and sleepiness. The use of the BNSQ enabled us to evaluate sleeping problems in detail, distinguishing general sleep quality, various insomnia subtypes, sleep duration, and sleep loss. However, we did not use standardized interviews to define the diagnosis of depression or the severity of depression, which may lead to the inclusion of versatile populations which do not necessarily suffer from PPD (e.g., adjustment disorders), nor did we use objective measurements of sleep architecture. Nevertheless, in the work of Park et al. (2013) and Bei et al. (2010) , subjective perception of sleep was found to be a stronger predictor of PPD symptoms than actigraphy-assessed sleep. Furthermore, we did not have information about the severity of previous depressions. Also, besides the now-investigated questions, there are many other factors which may associate with postnatal depressiveness that were not taken account in this study.
Conclusion
PPD is a common and persistent disturbance with several potential negative consequences to family life and to child health. Thus, it is clinically highly important to prevent PPD by recognizing the risk factors and individuals at risk as early a AOR, adjusted models controlled for age, education level in three classes, number of children living in the family, smoking during pregnancy, and general health as possible. Based on our findings, women with sleeping problems, both during pregnancy and after delivery, are at an increased risk for postnatal depressiveness. Prenatally, especially poor general sleep quality and excessive daytime tiredness, and postnatally, especially frequent sleep onset problems, but also almost all kind of sleeping problems, indicate the risk. Therefore, it is important that the presence of possible sleeping problems are acknowledged and adequately treated, both prenatally and postnatally. These findings also call for new studies on the prevention of PPD.
